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ABSTRACT 
A survey of the depths and nature of the forest floor 
on six small steep experimental catchments showed that the mean 
total depth of forest floor over the entire study area was 17 cm. 
Litter and fermenting layers were typically only 2-3 cm thick. 
The forest humus was characterised by an open, fibrous structure 
or low bulk density (0.14 g/cm3 ) and high porosity (mean 86%), 
with a wide variability in its physical properties over very 
short distances. 
Water retention tests showed that the forest floor was 
capable of retaining large quantities of water, (mean saturation 
capacity was 481% by weight, or 50% by volume). Much of the 
water above its field capacity of 45% by volume was held by 
large macropores which drained readily at very low tensions 
(0-20 cm water). The most frequent pore size class of the 15 
samples tested was 250-300 fM. The Qnitial) saturated hydraulic 
conductivity of the forest floor was very high (0.14 cm/s, at 15°C). 
This reduced to a steady rate of 0.02 cm/s after several hours. 
The saturated hydraulic conductivity of the mineral soil was 0.007 
cm/s. Field infiltration tests yielded an initial rate of 0.27 
cm/s t which fell to a steady rate of 0.17 cm/s after approximately 
5-10 minutes. 
Estimated quickflow yields in the rising limb of 12 storm 
hydrographs from one catchment (catchment 5), based on the physical 
and hydrologic properties of the humus, explained between 4% and 
92% of the observed rising limb quickflow yield. Estimates 
became closer to the observed quickflow as the storm duration, 
time to peak and antecedent soil moisture content increased. 
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CHAPTER 1. 
INTRODUCTION 
1.1 INTRODUCTION 
The importance of the forest floor in catchment 
hydrology, particularly flood hydrology, has long been a 
subject of controversy. In particular, the relationship 
between hydrologic processes occurring within the forest floor 
and the response of the catchment to rainfall is a problem 
which has yet to be resolved. 
Early studies by Henri (1904), Korstian (1927) and 
Stickel (1928) showed that the forest floor protected the soil 
from fluvial erosion, enhanced the soil's infiltration capacity 
and readily absorbed and retained water. Lowdermilk (1930) 
demonstrated experimentally that removal of the forest litter 
by burning increased surface runoff. The importance of the 
forest floor for water conservation was emphasised by Auten (1933) 
who considered that the high water storage capacity, together with 
a slow rate of release would stabilise streamflow and check 
excessive floods. 
These conclusions were largely qualitative, but a number 
of controlled watershed experiments, designed to measure the 
effects of forest removal on catchment hydrology have since 
followed. Results have shown that the changes in hydrologic 
behaviour of small catchments after forest removal are extremely 
variable, depending on the physical characteristics of the water-
shed (soils, vegetation, topography, climate etc.) and, above all, 
on the degree of forest floor disturbance associated with logging 
2. 
(Reinhart 1964, Packer 1967, Dyrness 1969). In general, peak 
flows and/or stormflow volumes are increased by forest removal 
(Hewlett and Helvey 1970, Hornbeck 1973, Hoover 1944), but 
operations in which peak flows have remained unchanged or 
decreased have also been observed (Cheng et.al. 1975). 
The hydrologic function of forest humus is determined by 
its effect on the processes of infiltration, percolation, water 
storage and evaporation which are, in turn, dependent upon the 
physical properties of the humus. Initially, most quantitative 
studies of the forest floor concentrated on measurement of these 
physical properties. Depth, dry weight, porosity and water 
holding capacity have now been measured for many humus types 
(Balci 1964, Metz 1954, Mader and Lull 1968, Lull 1959, Molchanov 
1963, Trimble and Lull 1956). Results indicate that forest 
organic soils, unlike mineral soils,are usually characterised by a 
high porosity, a low bulk densit~ and a high water holding capacity. 
The results also emphasise the wide variation in physical properties 
which exists between humus types. Consequently, for management 
purposes, extrapolation of physical properties between humus types 
cannot be made, and each forest floor must be studied individually. 
The drainage characteristics of forest floor samples have 
been described by Metz (1958), Broadfoot (1953) and Curtis (1960) 
using simple weighing basket techniques. More recently, detailed 
field measurements of dynamic changes in water flux during rain-
fall periods have shed additional light on the drainage and water 
retention characteristics of forest humus in North American forests 
(Plamondon et ale 1975, De Vries and Chow 1973, Harr 1977). 
Tensiometric measurements of water potential appear to support 
3. 
observations by Aubertin (1971), Chamberlin (1972) and Whipkey 
(1965, 1967, 1969), that large quantities of water can move 
rapidly through large macropores to the base of the profile, 
without appreciably wetting the soil matrix. This process could 
thus provide an explanation for the extremely rapid subsurface 
flow rates recorded in some North American forested catchments, 
which sometimes exceed the saturated hydraulic conductivity of 
the soil matrix (Whipkey 1965, Hewlett and Hibbert 1967, Beasley 
1976). 
Very little is known about the forest floor under 
indigenous forest vegetation in New Zealand. The quantity and 
composition of annual litter fall has been measured in hard beech 
(Miller and Hurst 1957, Miller 1963), mountain beech (Wardle 1970), 
black beech (Bagnall 1972), and in mixed podocarp-rata-broadleaf 
forest (Daniel 1975). Wright and Miller (1952) estimated the 
relative rates of accumulation of forest floor under different 
native forest species in S.W. Fiordland on the basis of soil 
survey data. Changes in the porosity and micromorphological 
structure of a forest soil (Patumahoe clay loam) under increasing 
cultivation have been described by Barratt, 1971. However, the 
physical properties of the humus itself have been little studied. 
This thesis ~eports the findings of a study of the forest 
floor under native beech-podocarp forests in North Westland~ The 
main objectives of the study were to: 
1. describe the general physical nature of the forest 
floor and its variability (depth, structure etc.), 
2. determine some of the important physical and hydrologic 
properties of the forest floor (bulk density, porosity, infiltration 
rate, hydraulic conductivity and water holding capacity), 
4. 
3. relate these physical forest floor properties to 
the observed and measured hydrologic behaviour of small head-
water catchments. 
1.2. CLASSIFICATION AND TERMINOLOGY OF THE FOREST FLOOR 
There is often confusion in the literature regarding 
the terminology used to describe the forest floor and its 
composite layers. Historically, classification of humus types 
has developed independently of the classification systems for 
other soils. Forest soils are little studied in comparison with 
agricultural soils, and the lack of quantitative data has resulted 
in classification systems which are poorly defined, and seldom 
used by many experimenters. The system of classification used 
in New Zealand soil surveys (Taylor and Pohlen, 1962) is based 
on that adopted by the forest soils sub-commission of the 3rd 
International Congress of Soil Science (Bornebusch and Heiberg, 
1936), subsequently revised by Heiberg and Chandler (1941), This 
classification system is based entirely on morphological features. 
In the U.S. literature, a more recently updated version by Hoover 
and Lunt (1952) is often referred to. 
Differentiating criteria are based on the nature and 
arrangement of the organic layers (i.e~ structure, thickness, 
or"ganic matter content etc.), and the degree of incorporation 
of organic matter into the mineral soil. Two basic kinds of 
organic profiles are recognised, MOR and MULL. In a MOR humus, 
litter (L), fermenting (F) and humus (H) horizons (Figure 1) are 
usually present; the humus layer resting directly on the mineral 
soil, with little or no mixing. A MULL humus has no well defined 
humus layer, the decomposed organic matter being incorporated with 
the upper portion of the mineral soil. The fermenting layer is 
5. 
usually thin or absent. A third category, called TWIN MULLOID 
(Heiberg and Chandler, 1941) or DUFF MULL (Hoover and Lunt, 1952) 
is transitional between MOR and MULL profiles. It consists of a 
matted moroid fermenting layer underlain by a medium or coarse 
granular mulloid A1. 
In the study area, the Maimai Experimental catchments in 
Tawhai state Forest (Figure 2); the organic (0) layer typically 
consists of a litter layer, a fermenting layer and a humus layer. 
Using the terminology of Taylor and Pohlen (1962~it would be 
referred to as a fibrous moroid humus. Throughout this report 
the term 'forest floor' refers to the entire organic profile 
(L+F+H). A typical profile is illustrated in Figure 1. 
FIGURE 1. Soil Profile Maimai Experimental Catchments. 
Location: Catchment 6, Maimai Experimental catchments (upper 
slope). 
Vegetation: Hard beech, red beech, kamahi, rimu, Cyathodes 
fasciculata, rata, Coprosma parviflora. 
Slope: 29° Aspect S. 
L. 
F. 
Forest 
Floor H. 
A2 
'9 B. 
0 
2 cm 
3 cm 
19 cm 
5 cm 
15 cm 
dry beech, kamahi, rimu leaves 
and twigs largely undecomposed 
partially decomposed leaves~ 
layered structure. 
dark red brown (10R/2/3) hu~us, 
fibrous, friable, many small roots. 
grey brown (7.5 YR/5/4) silt loam, nut 
structure, few roots. 
yellow brown (10 YR/5/6) stony silt 
loam, nut structure, occasional 
rounded pebbles well weathered. 
6. 
CHAPTER 2. 
FOREST FLOOR DEPTHS AND COMPOSITION 
2.1 INTRODUCTION 
Large differences in the depth and nature of individual 
forest floor types have been recorded in overseas studies. For 
example, Lull (1959) found that greatest humus accumulations in 
the Northeastern states occurred under spruce forests in both 
Northern (41.6 cm) and Southern (18.5 cm) regions; hemlock and 
hardwood stands in the Adirondacks gave the next greatest depths; 
and the least depths occurred under conifer-hemlock stands 
(3.3-10.9 cm). Balci (1964) observed that total weight and 
depth of mor profiles tended to be greater than th6se of duff mull 
profiles. Further differences in humus depths over a wide range 
of humus types were recorded by Williams and Dyrness (1967). 
The effect of topography on humus depth in the Northeastern 
States was examined by Sartz and Huttinger (1950). Slope and 
topographic position could not be corre~ated with total humus 
depth, but the depth of mull humus was significantly greater on 
slopes with a Northeasterly aspect. No relationships between 
forest floor depths and elevation, aspect or understorey vegetation 
were detected by Williams and Dyrness (1967). Evidence of 
increasing forest floor depths with the age of the forest stand 
has been described by Molchanov (1963) and Lull (1959), and with 
latitude by Kittredge (1940). However, attempts to express 
humus depth mathematically in terms of regression equations based 
on age, basal area, site and topographic factors have been generally 
unsuccessful, at best accounting for only 56% of the total 
~ 
• I 
variation in humus depth (e.g., Plamondon 1972, Mader and Lull 
1968, Williston 1965). 
The same environmental factors which are responsible for 
the variability in humus depth can also cause variation in its 
physical composition, texture, porosity, bulk density and water 
retention characteristics. These, in turn will cause variation 
in the hydrological properties of the forest floor. However, 
very few studies have attempted to measure, or even describe the 
nature of forest soil variability in any detail. 
Balci (1964) observed that greatest physical variation 
tended to occur in the humus layers of both mor and duff mull 
forest floor types. Causes of this variability were attributed 
to a) heterogeneous species composition, b) the uneven aged 
distribution of trees, c) topographic irregularities, and d) 
possible past disturbances. The effect of tree roots on the 
forest floor profile was examined qualitatively by Lutz and -Griswold 
(1939). Morphological features of 18 profiles formed on sites of 
old windthrow areas, estimated to have occurred 80 or more years 
ago were described. All profiles contained irregular soil zones 
in which mixing of material from upper and lower horizons had 
occurred. Characteristic pit-and-mound topography caused by 
windthrow modifies the soil drainage and eventually induces changes 
in the profile morphology. Changes associated with podzol formation 
beneath large trees are also well documented (Birkeland 1974)e The 
role of decayed wood in the humus profile of yellow birch/red spruce 
forest in the Adirondacks was examined by Mcfee and stone (1966). 
Their observations showed that, after an initial attack by brown 
rot fungi, wood decomposed very slowly and sometimes persisted 
in the humus layer for a century or more. The bulk density of 
8. 
well decomposed wood (0.16 - 0.25 g/cc) was greater than that 
of mor humus (0.12 - 0.16 g/cc) but it also had an open cubical 
structure and thus a higher moisture retention capacity than the 
humus. Decayed wood, comprising an estimated 14-30% of the study 
area, was therefore a significant component of the forest floor. 
The first step towards characterisation of the physical 
nature of the forest floor in Tawhai State Forest was- a survey of 
the type and depth of the forest floor layer over the entire 
study area, and an investigation of the dependence of forest 
floor depth on vegetation, topography, aspect and slope factors. 
study location and description 
The forest floor was investigated on six small experimental 
catchments in Tawhai State Forest, ~ km Northwest of Reef ton 
(Figure 2). The catchments drain into powerline Creek, a 
tributary of the Mawheraiti river. Each catchment is equipped 
with a stream gauging station and a sediment trap in its lower 
reaches. Slopes are steep in all catchments, ranging between 
250 and 400 , and averaging about 350 • Relief ranges between 
70 and 110 m. Slopes are generally rectilinear to slightly 
concave, approximately 300 m long and rise to narrow ridge 
crests. streams are narrow and incised in their gully bottoms. 
The catchments are underlain by moderately weathered, 
firmly compacted lower Pleistocene Old Man gravels and all have 
a similar, southerly aspect. Soils are broadly classified as 
Blackball hill soils; shallow stony podsolised yellow-brown 
earths of low nutrient status, with a well-developed upper organic 
humus mantle (Mew et ale 1975). The forest vegetation on all 
o 
• Raingauge 
• Hut 
Sca'a 0' M.'re. 
o 100 200 300 400 500 
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EXPERIMENTAL CATCHMENT 
MAIMAI 
FIGURE 2: The Maimai experimental catchment study area, 
Tawhai state Forest. 
10. 
catchments consists of undisturbed mixed beech-podocarp-
hardwood forest classified by the National Forest Survey (N.Z.F.S.) 
as PB5. Mean annual rainfall for the area, for the period 1963-
1975 was 2610" mm (Pearce et ale 1976). The physical details of 
the catchments are summarised in Table 1. 
TABLE 1: The Physical Characteristics of the Maimai Experimental 
Catchments. 
Catchment Geology .. Soil Type Rainfall Area Aspect 
5 Old Man Gravels Blackball hill soil 2610 2.31 
6 
" " " 
It 
" " " 
1.63 
8 
" " " " " " 
II 3.84 
13 II 
" " " " 
II II 4.25 
14 
" " " 
II 
" 
II II 4.62 
15 
" " " 
It 
" " 
II 2.64 
Vegetation 
The vegetation in the Maimai Experimental catchments is 
dominated by hard beech (Nothofagus truncata) on the upper and 
middle slopes with red beech (~. fusca) becoming more frequent on 
lower slopes near the catchment mouths. Rimu (Dacrydium 
cupressinum) occasionally emerges above the general canopy level. 
Kamahi (Weinmannia racemosa), miro (Podocarpus ferrugineus), Halls 
totara (~. hallii), quintinia (Quintinia acutifolia), pokaka 
(Elaeocarpus hookerianus) are important sub-dominants. Southern 
rata (Meterosideros umbellata) occurs occassionally on upper 
slopes and ridgetops while silver beech (~ menziesii) is present 
S 
s 
s 
S 
S 
S 
in the form of scattered trees on lower slopes. In the understorey 
Cyathodes fasciculata, Neomyrtus pedunculata, Neopanax anomalum, 
N. simplex, Coprosma foetidissma, Q. parviflora and Phyllocladus 
11 • 
alpinus are prominent. In the gully bottoms pepperwood 
(Pseudowintera colorata) , fuschia (Fuschia excorticata), 
broadleaf (Griselinia littoralis), Cyathea smithii, Dicksonia 
squarrosa and Rubus cissoides are dominant with a ground cover 
of bush oat grass (Microlaena avenaceae), hook grass (Uncinia 
uncinata, Blechnum discolor, ~. fluviatile and Leptopteris 
superba. Over the middle and upper slopes Dicksonia lanata, 
~. discolor, ~. minus, ~. fluviatile and Metrosideros diffusa 
form the dominant ground cover. 
2.2 METHODS 
The nature of the forest floor in the six Maimai 
Experimental catchments was investigated at a number of dug pits 
which provided vertical profile exposures. In each catchment 
pits were located along 8 transects aligned approximately at 
right angles to the main streams. Because of topographic 
irregularities the total number of pits per catchment varied, 
but averaged about 60 per catchment or 7-9 per transect. At 
each pit the thickness of each horizon was measured, and the 
physical characters were described along with details of the 
vegetatio~topography, aspect and slope. For analyses purposes, 
8 vegetation classes and 11 topographic classes were recognised. 
These classes are described later in Tables 4 and 6. Slope 
classes of 5 degree intervals and aspect classes of 45 degree 
intervals were chosen. Student's t-tests were used to determine 
whether significant differences existed between classes for each 
factor. Cochran's test was used to ensure that variances between 
classes were not significantly different. Where significant 
. 1 d~fferences occurred the t test was used (Le Clearg, Leonard and 
12. 
Clark (1966, pp 50-54). 
2.3 RESULTS 
Forest Floor Depths 
Means and standard deviations of individual forest floor 
layer thicknesses were computed for each catchment. The results 
are presented in Table 2. 
TABLE 2: Means and SD's of Forest Floor Layer Depths, Maimai 
Experimental Catchments. 
Catchment No. of Litter(L) Fermenting Humus(H) Total 
Plots cm (F) cm cm Forest Floor cm 
Mean SD Mean SD Mean SD Mean SD 
5 59 2 1 2 1 16 12 20 13 
6 57 2 1 3 3 11 8 16 11 
-8 67 2 1 3 2 14 14 19 16 
13 60 2 1 2 2 14 16 19 18 
14 67 2 1 1 1 10 8 14 9 
15 60 2 1 1 1 11 10 14 11 
The mean forest floor depth over all catchments was 17 cm. 
Litter and fermenting layers are typically two or three centimeters 
thick and together account for 50 per cent or less of the total 
forest floor depth (volume). Between 50 and 80 perce~t of the 
forest floor volume consists of a humus layer which ranges from 
a dark brown spongy layer less than 3 cm deep, in moist gully 
bottoms, to friable red brown fibrous humus over 90 cm deep adjacent 
to large beech trees on the middle and upper slopes. The large 
standard deviations, which are similar in magnitude to the mean 
depths, indicate that the humus and total forest floor depths are 
extremely variable over the catchments. 
13. 
An analysis of variance (Table 3) was used to examine 
the differences between catchments. The F test revealed that 
no significant differences existed in mean forest floor depths 
between catchments, however a Duncan Multiple range test showed 
that two groups of catchments differed significantly at the 5% 
level. Catchments connected by underlining are not significantly 
different from one-another. 
TABLE 3: ANOVA Forest Floor Depths (em) 
Source of variation Df SS MS F 
Catchments 5 2312.65 462.53 2.71 
Error 360 61452.29 170.70 
Total 365 63764.94 
Duncan Multiple Range Test 
Catchment 14 15 6 8 13 5 
Mean depth (cm) 14 14 16 19 19 20 
Mean forest floor depths recorded in the Maimai Experimental 
Catchments are similar to those measured in the Coast Mountains, 
Southwest British Columbia (Plamondon, 1972) under mixed conifer· 
forests where mean depths ranged from 11.9 em to 25.5 em. 
Similarly, deep forest floor profiles (mean 35.6 em) have been 
measured under spruce-fir in the Adirondacks, Diebold (1941); 
under mixed hardwoods in Ohio (mean 25.4 em), Aubertin (1971); and 
under spruce in New Hampshire (mean 41.7 em), Lull (1959). How-
ever, forest floor depths vary considerably from site to site, and 
depths covering the entire range down to shallow 1-2 em profiles 
have been measured (Trimble and Lull, 1956). Deep forest floor 
profiles of up to 100 em were measured under mountain beech/kamahi/ 
rimu forest, at Preservation Inlet by Wright and Miller (1952). 
14. 
A typical profile on a 220 slope contained 10 cm forest floor. 
Forest floor depths under rimu, in South West Fiordland 
averaged 23-46 cm. 
2.4 EFFECTS OF ENVIRONMENTAL FACTORS ON FOREST FLOOR DEPTHS 
Vegetation 
Results of the tests for total forest floor depth differences 
between vegetation classes are summarised in Table 5. Classes 
connected by vertical lines are not significantly different at the 
1% level. The most striking differences in forest floor depth 
observed in the field, and revealed by the t tests, occurred 
between the gully bottom vegetation types (CK, C and CBK) and the 
remaining classes which occupied approximately 90 percent of the 
catchment area. 
TABLE 4: Vegetation Class Descriptions, Maimai Experimental Catchments 
Vegetation Class 
Cyathea (C) 
Cyathea-Kamahi (CK) 
Cyathea-Beech-Kamahi 
(CBK) 
Beech-Kamahi (BK) 
Kamahi-Beech (KB) 
Beech-Kamahi-Rimu 
(BKR) 
Beech (B) 
Kamahi (K) 
Description 
Litter formed of Cyathea smithii and 
Dicksonia squarrosa leaves - also pepper-
wood, fuschia and broadleaf leaves and twigs. 
Litter contains leaves of species in (C) 
plus kamahi leaves and twigs. 
Litter contains leaves of species in ~K) 
plus red and hard beech leaves and twigs. 
Litter dominated by red and hard beech 
leaves and twigs with some kamahi leaves 
and twigs. 
Litter dominated by kamahi leaves and twigs, 
with some red and hard beech leaves and 
twigs. 
Litter dominated by red and hard beech, 
kamahi and rimu leaves and twigs. 
Litter consists almost entirely of red 
and hard beech leaves and twigs. 
Litter consists almost entirely of kamahi 
leaves and twigs. 
TABLE 5: Means and SD's of Forest Floor Layer Depths within 
Vegetation Classes. 
Total forest floor (cm) 
Vegetation class No plots Mean SD 
-
C 20 6 6 
CK 25 5 4 
CBK 18 7 7 
KB 49 15 12 
K 21 18 14 
BK 175 19 12 
B 20 19 13 
BKR 40 26 14 
Topography 
Total forest floor depths were considerably shallower on 
streamside, gully bottom and lower slope sites than on mid slope, 
upper slope and ridgecrest sites (Table 6). The reasons for the 
thin forest floors in these locations are no doubt complex but 
the moist, poorly drained soils in streamside and gully bottom 
sites, their susceptibility to surface flooding and surface wash 
during storms, and the particular composition of the vegetation 
at these sites are probably the main controlling factors. 
Slope Classes 
The analysis of forest floor depths partitioned into 50 
slope classes showed that no statistically significant differences 
existed between slope classes between 00 and 400 • 
Aspect Classes 
No significant differences were found between forest 
floor depths partitioned into 450 aspect classes. 
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TABLE 6: Means and SD's of Forest Floor Layer Depths Within 
Topographic Classes. 
Total forest floor 
TOEo5raEhic class No 12lots Mean SD 
streamside SS 63 6 6 
Lower slope gully LSG 6 11 11 
Mid slope gully MSG 2 11 9 
Midslope ridge MSR 6 11 8 
Lower slope LS 53 12 11 
Upper slope gully USG 14 19 11 
Upper slope us 65 20 14 
Mid slope MS 39 21 12 
Upper slope ridge USR 6 21 14 
Lower Slope ridge LSR 4 22 18 
Ridge crest RC 110 23 13 
2.5 DETAILED PLOT STUDY 
In order to investigate the spatial variability of forest 
floor depths three 8 m x 8 m plots were established in catchment 
5, on a uniform 320 slope. On each plot pits were dug at 2 m 
spacings to provide forest floor layer depth information. 
Isopach maps of the total forest floor depth were constructed 
for each plot, (Figure 3). The maps show that forest floor 
depths may vary by as much as 20 cm over distances less than 1 m. 
However, the depth patterns appear to be so complex that, at the 
sampling intensity adopted, no more than a general indication of 
the variability could be established. 
2.6 PHYSICAL COMPOSITION OF THE FOREST FLOOR 
The physical composition of 10 samples of forest floor 
(primarily humus layer) was investigated in the laboratory. 
Figure 3. 
FIG 2 
f tree stems, "tions 0 
POSl. d logs. stumps an 
ths (cm) on 
st Floor nePl catchment 5. of Total For7 experime ta h Map Maimal. Isopacsmall plots, 
three ({f\\ '_'~ ' . ) 
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Samples were ovendried at 95°C, separated and sorted by hand 
into their major constituent parts, and weighed. Table 7 
showing the composition of the samples indicates that amorphous 
humus material, made up of a fine matrix of organic debris, with 
smaller root, wood and leaf fragments, which could not be easily 
identified or separated bymnd, constitutes the bulk of the forest 
floor. The content of roots, which varied considerably from 
sample to sample, exercised substantial influence on the gross 
physical properties of the humus. Samples with high root content 
were stronger, more fibrous and less friable than samples with few 
roots. 
Particle size distribution 
Particle size analyses of the 10 samples using dry sieving 
methods were also completed. Particle size distributions of 
three typical samples are shown in Figure 4. Approximately 25 
percent by dry weight of the forest floor samples consisted of 
amorphous humus particles less than 1 mm diameter. However, the 
most important constituent sizes ranged between 1 mm and 8 rom. 
These accounted for approximately 50 percent of the total dry 
weight of the forest floor materials, principally partly decomposed 
leaves, twigs, rotten wood, bark and humus peds. A description 
of the materials retained on the various sieves is presented in 
Table 8. 
Bulk density 
The bulk density of 50 forest floor samples was calculated 
by dividing their oven dry weights by their field volumes. Mean 
bulk density was 0.14 ! 0.02 glcc which falls within the range of 
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TABLE 7: Composition of Forest Floor (Humus) Samples· 
Sample % Roots % Recognisable % Fermenting % Amorphous 
wood and twigs Material Humus materi~ 
1 13 22 13 52 
2 20 4 5 71 
3 5 4 20 71 
4 4 9 10 78 
5 9 6 7 78 
6 27 2 9 62 
7 12 6 11 72 
8 8 8 12 73 
9 7 8 14 71 
10 12 8 10 70 
Mean 12 8 11 70 
SD 7 6 4 8 
• Percentage composition based on oven dry weights. 
TABLE 8: Description of Forest Floor Materials Retained on 
Individual sieves 
Sieve Size 
16 mm 
8 mm 
4 mm 
2 mm 
1 mm 
0.5 mm 
0.25 mm 
0.125 mm 
0.125 mm 
Materials Retained 
Mainly large roots (10-12 cm long, 1-3 em diameter), 
smaller matted root fibres, large wood and bark 
pieces. 
Mainly single leaves, wood and bark chips, few 
roots and twigs. 
Broken leaves, smaller wood and bark chips, 
small roots and twigs. 
Small roots, twigs, leaf fragments, bark 
fragments, humus peds. 
Small roots, wood bark and leaf fragments. 
Small root segments (1 cm long), small granules 
of indistinct composition. 
Mainly small granules of indistinct composition, 
few root segments. 
Fine, red-brown organic debris, few root segments. 
Fine, red-brown organic debris. 
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forest floor bulk densities measured in other regions. Bulk 
densities of forest humus recorded elsewhere range from 
approximately 0.1-0.3 glee, (e.g. Mader and Lull 1968, Youngberg 
1966, Wooldridge 196~, Plamondon et al. 1975). In general, 
the bulk density of the F layer is less than that of the H layer 
and the dulk density of mor humus is less than that of mull 
humus types (Trimble and Lull 1956). 
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CHAPTER 3. 
WATER RETENTION EXPERIMENTS 
3.1 INTRODUCTION 
Overseas experience has established that the forest floor 
has the capacity to store large quantities of water for long 
periods of time. This water may be released slowly during 
prolonged dry periods. Saturated water holding capacities as 
high as 180-450% by weight have been recorded (Plamondon 1972, 
Blow 1955, Helvey 1964, Lowdermilk 1930, Kittredge 1955) while 
field moisture capacities of 135-18~~ have been measured. After 
prolonged dry periods, minimum moisture capacities of 20-40% 
have been measured (Blow 1955. Metz 1958, Helvey 1964). 
Curtis (1960) measured the quantity of water retained by 
pine and hardwood forest litter during different sized rainstorms. 
For rains of less than 0.64 cm, up to 93.7% of the total rainfall 
was retained, but for rainfalls exceeding 2.54 cm only about 11% 
was held by the litte~ Field studies by Metz (1958) and Broadfoot 
(1953) indicate that as much as 50% of the maximum water retained 
may be lost in the first days' drainage, but the rate of loss 
decreases rapidly, and little further water is lost after 4 days. 
The maximum amount of water which can be retained, and 
the rate at which it is released is largely determined by the 
pore size distribution. Pore size distribution of soils may be 
obtained using pressure plate or tension table apparatus. However, 
the open fibrous structure of forest soils makes it difficult 
" " , c \, 
to obtain good hydraulic contact wi th ~~~'B"e apparatus, which 
.(){ .j " .. ,,0< " C' ) ! ,.' ' l'''<' <; ~ 5 
also lack sensitivity at the very l;w tensions encountered with 
forest soils. In order to circumvent these problems, a hanging 
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water column device was used to calculate the pore size 
frequency distribution of the forest floor. 'l'he resul ts 0 f 
this experiment were complemented by some simple field drainage 
tests. 
3.2 METHODS 
Pore size frequency distribution 
A hanging water column device was used to calculate the 
pore size frequency distribution of 15 300-400 cc undisturbed 
forest floor samples. The apparatus, which was specially 
contructed for the experiment is shown in Figure 5. Samples 
were carefully cut to fit 7 cm diameter aluminium cores, which 
were supported in a perspex sample holder. Tensions were 
applied to the base of the sample through a layer of small 
(0.1 mm diameter) glass beads resting on fibre glass filter 
paper (Whatman grade GF/C) by lowering the end of the flexible 
outflow tube. The entire apparatus and the humus sample were 
initially completely saturated with water and the end of the 
hanging column was set level with the sample surface. The end 
of the hanging column was then lowered in 5 cm intervals and the 
water extracted from the sample at equilibrium in each tension 
interval was collected and measured separately. The total tension 
-,,", ,l ( applied in each interval was simply the distance between the end 
of the outflow tube and the soil surface. 
At the end of the experiment, the moisture content (w) 
d th h . . t t / . h . t . ( d W) an e c ange ~n mo~s ure con ent un~t c ange ~n ens~on dT 
were calculated for each tension interval. The pore size 
frequency distribution was calculated for each forest floor 
sample using the capillary rise equation (Hillel 1971) to calculate 
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FIGURE 5: Hanging water column apparatus used in the water 
retention tests. 
the dominant pore size (d) corresponding to each applied 
tension (T): 
d = 4 ~ Cose.( 
T g fw 
where ~ = surface tension 
0( = wetting angle, normally assumed equal 
g = gravitational acceleration 
T = applied tension 
d = pore diameter 
rvoJ = water density 
to zero 
For each tension increment, the pore size (d) was plotted 
d'N 
against the corresponding value of dT to obtain the pore size 
frequencY distribution 
Total Porosity and Macroporosity 
McDonald (1961) and McDonald and Birrell (1968) define 
macroporosity as the quantity of water released by draining the 
undisturbed soil sample at a tension of 50cm for 24 hours. 
The macroporosities of the 15 samples used in the water retention 
tests, described above, were determined using this technique. 
Total porosity was calculated by measuring the total volume of 
water hel.d by the samples at saturation, after completion of the 
retention tests. 
Drainage Tests 
a. Laboratory Tests 
Ten relatively undisturbed 2 000-4 000 cc samples of the 
forest floor (including litter, fermenting and humus layers) were 
brought to the laboratory for testing. The samples were completely 
immersed in water for 3 days, and then permitted to drain freely, 
r 
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during which time they were weighed frequently. After appr~x-
v 
imately 3 days when water loss by drainage was almost neglig;ble. 
the samples were oven-dried to obtain estimates of bulk densities. 
During drainage, the samples remained in a tin container with a 
perforated base to reduce evaporation losses. Drainage curves 
were constructed from the data obtained and two indices of the 
forest floor water retention were determined; 
1. The field moisture capacit~ which has been defined 
as the amount of moisture held by the soil after it has 
been saturated in the field, covered to prevent evaporation 
and allowed to drain for 24 hours. A more realistic 
definition of field moisture capacity is the amount of 
moisture held after the rate of drainage has materially 
decreased. The field moisture capacity was determined 
by estimating the water content at a drainage time of 24 
hours (1440 minutes) from the drainage curves. After this 
time drainage from the samples had diminished to very small 
rates. 
2. The saturation capacity which was determined by noting 
the water content of the samples after 10 minutes of free 
drainage. 
b. Field Drainage Tests 
Removal of a sample from its natural surroundings may 
change its water retention characteristics. The laboratory 
drainage tests were therefore complemented by a simple field 
experiment, carried out on a 320 slope in catchment 205. Six 
large (approximately 0.1 m3 ) samples of forest floor were carefully 
dug out so that their structure was not disturbed in any marked 
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way, and placed in wire mesh baskets. Baskets and samples 
were carefully replaced in their original excavations which 
penetrated to the upper surface of the mineral soil, allowing 
the samples to retain a certain amount of contact with the 
excavated pit walls. It was originally hoped to preserve a 
reasonable hydraulic contact between the samples and the 
surrounding forest floor, but the friable, porous nature of the 
humus, combined with the presence of numerous cut ends at the 
sample sides and at pit walls made this impossible. The samples 
were weighed regularly through storm and post storm drying 
periods. 
3.3 RESULTS 
Pore size frequency distribution 
The tension vs water content curves (Figure 6) show a 
rapid initial decrease in water content over the tension interval 
of 0-20 cm. At 20 cm tension, the water contents of most forest 
floor samples were within the range of 50-70% by volume. The 
rate of decrease of water content between tensions of 20-50 cm 
was much smaller, and it appeared that very little water could 
be extracted beyond this value, but unfortunately, the smaller 
glass beads required to investigate tensions in the range 50-100 cm 
of water could not be obtained. The mean water content of the 15 
samples at 50 cm tension was 48% by volume. 
The pore size frequency distribution of some typical samples 
is shown in Figure 7. dW The quantity dT represents the change in 
volume of water, per unit volume of soil with unit change in tension. 
If the soil had a uniform pore size distribution, any shift in 
tension away from the dominant pore size class would be accompanied 
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by a large decrease in the volume of water released. The apex, 
or turning point, on the pore size frequency distribution curve 
dW (dT vs d) therefore coincides with the most frequent pore size 
class. The most frequent pore size class for forest floor 
samples from Tawhai state Forest was 250-300~. A tension of 
at least 10 cm is required to release the water from these pores. 
Many of the curves (Figure 7) showed a smaller apex at pore 
sizes of 50-10~~ corresponding to a tension of 40-50 cm; 
possibly indicating a smaller peak in the pore size frequency 
distribution. Not all of the pore size frequency curves showed 
a peak 
values 
frequency at 250-300~~; several samples had large negative 
dW 
of dT over the 0-5 cm tension interval, indicating that 
the largest volumes of water were released by very large peres, 
cracks or cavities within the samples at tensions below 5 em water. 
Porosity and macroporosity 
The mean macroporosity of the 15 forest floor samples was 
(39 ! 2)% by volume and the mean total porosity was (86 ! 2)% by 
volume (Table 9). These measurements confirm that the macro-
porosity and total porosity of the forest floor in Tawhai State 
forest are both extremely high. Similar high porosities have 
been recorded in the forest floor elsewhere. Trimble and Lull 
(1956) report values ranging from 85% (humus layer) to 95% 
(fermenting layer). High porosities in the humus layers of forest 
soils were also recorded by Molchanov (1963) who showed that the 
effect persisted well into the mineral horizons, although there 
was a gradual decrease in porosity down the profile. These results 
were confirmed by Verry (1969); the porosi~s of a number of 
different mineral soils under forest decreased from 51-59% in the 
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TABLE 9: Total Porosities and macroporosities of 15 forest floor 
samples from the Maimai Experimental Catchments. 
Sample Bulk density Total Porosity Macroporosity 
(g/cm3) (% by volume) (% by volume) 
1 0.162 77.2 29.2 
2 0.164 92.2 37.0 
3 0.181 9~.7 26.3 
4 0.146 86.3 36.5 
5 0.133 82.5 38.6 
6 0.127 87.0 48.7 
7 0.117 90.7 48.4 
8 0.114 86.2 56.1 
9 0.109 91.9 46.3 
10 0.122 90.5 47.4 
11 0.126 87.2 40.7 
12 0.199 75.5 20.6 
13 0.144 75.7 26.8 
14 0.152 90.0 38.6 
15 0.110 80.5 39.6 
Mean 0.14 85.8 38.7 
SD 0.02 6 6 
A2 horizon to 35-41% in the C horizon. 
Gradwell and Birrell (1968) quote typical subsoil porosities 
of less than 45% for brown-grey and yellow-grey earths and less 
than 60% for yellow-brown earths under pasture. Typical macro-
porosities of these soils are 6-10%. In comparison, the mean 
total porosity of 20 mineral soil samples from Tawhai State Forest 
(also used in the saturated hydraulic conductivity experiment, 
described on page 44 was 70%. This value is ~eater than the 
porosities measured by Verry (1969) but similar to some measurements 
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recorded by Molchanov (1963) in the Soviet Union. It is 
significantly less than the total porosity of the forest floor 
layer in Tawhai State Forest. 
Drainage Tests 
1. The drainage curves presented in Figure 8 showed 
that between 15 and 30 percent of the total water content was 
lost in the first 10 minutes after the beginning of free drainage. 
OVer the next 24 hours only about 10 percent of the total water 
content at saturation drained away. 
Field moisture capacity (FHe) and saturation moisture 
capacity (se) calculated from the drainage curves are presented 
in Table 10. The mean saturation capacity of the forest floor 
samples was 50.0% by yolume (481% by weight). Field moisture 
capacities occurred at water contents not very much smaller than 
those at saturation capacity (45.4% or 436% by weight). 
TABLE 10: Field Moisture Capacities (FHC) and Saturation Capacities 
(SC) for Forest Floor Samples. 
Sample BD FMe se 
g/cm3 % of dry % of vol % of dry % of vol 
wt wt 
1 0.13 475 61.8 528 68.7 
2 0.10 434 43.3 487 48.7 
3 0.10 525 52.5 550 55.0 
4 0.11 556 55.6 600 60.0 
5 0.10 370 37.0 420 42.0 
6 0.10 433 43.3 477 47.7 
7 0.09 394 52.4 442 39.8 
8 0.11 434 47.8 480 52.8 
9 0.10 394 39.4 437 43.7 
10 0.11 347 38.2 389 42.8 
-
Means 0.11 436 45.4 481 50.0 
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2. Field Drai nage Tests 
Figure 9 indicates the sample weight changes which occurred 
during two storm periods. In general, only slight water content 
increases of less than 5 percent by volume were observed. Water 
contents changed very slowly over drying periods, remaining in the 
40-60 percent by volume range. Similarly, seasonal changes in 
water content were slight; a weight reduction of approximately 
5-10% occurred over the November-March period. 
3.4 DISCUSSION 
Results of the water retention experiment indicate that 
most of the water present in the forest floor at saturation is 
held by large macropores, exceeding 0.2 mm in diameter. This 
water will be released by the forest floor at very low applied 
tensions. Drainage tests show that water loss is rapid; 20-3~~ 
of the total water held by the samples at saturation was lost 
in the first 10 minutes of drainage. The tension water content 
curves (Figure 6) show that this water loss may be attained by 
the application of only 10 cm of tension, At 50 cm tension, 
the mean water content of the humus samples was 48% by volume; 
a value midway between the saturation capacity (50% by volume) 
and the field capacity (45% by volume). 
A simple tensiometer study verified the results of the 
field drainage tests (litter baskets) by showing that very high 
soil moisture contents were commonly main~ained in the field 
situation. Twelve tensiometers, each consisting of a ~-inch 
diameter x 2 inch long cylindrical porous ceramic cup connected 
to a simple Bourdon dial gauge manometer were installed in a 
single plot in catchment 5, at depths ranging from 10 to 50 cm. 
The tensiometers were installed by gently forcing them into the 
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humus to the required depth. This ensured that the ceramic 
cup was in good hydraulic contact with the humus material. 
Weekly readings over a 12 month period showed little varia tion 
i n water potent ial. Mean water potential over the entire 
2 m x 2 m plot was -7.4 ~ 1.0 em, and readings from individual 
tensiometers ranged from -12 ! 0.5 to -13 ! 4 em. l-1ean monthly 
readings from 8 of the tensiometers showed a decrease in tension 
around the February-March period suggesting that the humus attained 
its lowest water content during these months. The minimum mean 
monthly tension recorded was -33 em. Bourdon dial-gauge tensio-
meters are insufficiently accurate to draw firm conclusions from 
this data. However, it is evident that the water content of the 
humus remains high, i.e . , above field capacity throughout much 
of the year. 
I · 
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CHAPTER 4. 
HYDRAULIC CONDUCTIVITY 
4.1 INTRODUCTION 
In order to predict the effect of the forest floor on 
the hydrologic behaviour of forested catchments, the rates at 
which water is transmitted through the soil under different 
antecedent moisture conditions must be known. The simplest 
measure of the ability of any soil to transmit water is its 
saturated hydraulic conductivity. 
Hydraulic conductivity may be calculated using Darcy's 
equation (Hillel 1971), which, in its most general form, is 
written: 
q = -Key) "V H 
where q = water flux 
K = saturated hydraulic conductivity 
Y' = matric potential 
H = hydraulic head 
The hydraulic conductivity (K) is a function of the water 
potential (\{). It generally decreases markedly as the water 
potential, and hence the soil water content, decreases. Plamondon 
et ale (1975), for example, found that the hydraulic conductivity 
of forest soils in the Coast Mountains of British Columbia 
decreased by 4 orders of magnitude from 0.3 cm/s. as the matric 
potential was decreased from -3 to -80 cm. 
Unsaturated flow is the most common naturally occurring 
flow process. However, measurement of unsaturated conductivity 
is difficult since it requires accurate maintenance of a constant, 
known matric potential within the sample during each test. 
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Furthermore, to completely characterise the soil, the hydraulic 
conductivity measurements must be repeated over a wide range , of 
matric potentials. As ~ simple indice~ of the hydraulic 
behaviour of the soil, and for comparison purposes between soils, 
saturated hydraulic conductivities are often measured instead. 
Darcy's equation should, in theory, apply only to soils 
in which the water flow islrullnar and continuous within the 
soil column. The theoretical constraint for the onset of 
turbulent flow is that Reynolds number must be greater than or 
equal to 1 (Hillel 1971, Klute 1965), where 
Rn = dup 
V 
d = effective pore diameter 
u = mean flow velocity 
r = fluid density 
)} = fluid viscosity 
Turbulent flow has occasionally been observed within the 
larger macropores of some forest soils (Whipkey 1965, 1967, 
Aubertin 1971), and alternative equations have been suggested 
to accomodate this. However, their form is similar to the 
basic Darcy equation. In the absence of any evidence to the 
contrary, or of a more suitable equation, Darcy's law will be 
assumed to adequately describe the movement of water through the 
forest humus in the Maimai experimental catchments. 
4.2 METHODS 
The saturated hydraulic conductivities of 20 undisturbed 
forest floor samples were measured in the laboratory using a 
constant head permeameter. Large blocks of intact floor material, 
well in excess of the permeameter core size, were dug from the 
• t ~ :""J' : ( \ 
, 
(C,,-, d. 
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catchments and removed to the laboratory where they were carefully 
cut to the exact core size and gently eased into the permeameter 
core to avoid disturbing the humus structure. Molten paraffin 
wax was dripped slowly around the inside of the core to form a 
water tight seal. Large 15 cm diameter cores were chosen for 
the experiment so that small scale variatbns in the physical 
properties of the humus could be included within the sample. It 
was found that large roots up to approximately 1.5 cm in diameter 
could be sampled using these cores. Sample volumes ranged from 
approximately 1500-3000 cc, depending on the thickness of the 
forest floor at the sampling site. The large cores, and hence 
large volumes of water, used in the experiment required the 
construction of a special permeameter apparatus (Figure 10). 
Forest floor samples were first saturated from below by 
immersing in the overflow tank for at least 24 hours. Tap 
water was then applied, through the constant head tank, to the 
surface of the sample and the overflow tank was lowered until 
the water level was just covering the base of the sample. Finally, 
the constant head tank was adjusted to maintain a constant head 
of 2-3 cm water above the sample surface. This entire procedure 
was performed as quickly as possible, taking care to ensure that 
the sample remained fully saturated throughout the operation. 
As soon as equilibrium was established, the outflow rate was 
measured at frequent intervals. 
Saturated hydraulic conductivity was calculated using 
Darcy's equation (Hillel 1971) 
Constant 
head tank I; , , , • • , , > ,. 
Water ........ -, l r4 
supply. I~ 
Overflow 
I' , , , , I , I , I ,Outflow tank , , 
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K = ~ Af.Ht 
where Q = Outflow volume (ml) 
L = sample length (cm) 
A = sample area (cm2) 
AH = hydraulic head (cm) 
t = time (s) 
Hydraulic conductivity is strongly influenced by the 
viscosity of water which decreases as the water temperature 
increases (Klock 1972). The temperature of the water used 
to determine the hydraulic conductivity varied slightly, with 
a mean temperature of 16.20 C. To maintain uniformity therefore, 
each result was standardised to 15°C using the following 
equation (Lambe 1951). 
K15 = K ~T T Jl15 
where KT = measured saturated hydraulic conductivity (ToC) 
jJ-T = viscosity of water at TOC 
~15 = viscosity of water at 15°C 
Many experimenters prefer to quote K values adjusted to 
° temperatures of 20 C, so results standardised to this temperature 
are also given (Appendix 1). However, the 150 C temperature is 
probably closer to field temperatures. 
Hydraulic Conductivity of the mineral soil 
In order to provide a better picture of the ability of 
the total regolith to transmit water down through the profile, 
the saturated hydraulic conductivity of 20 samples of the mineral 
soil, taken from just below the humus layer/mineral soil interface 
were measured using a constant head permeameter. Samples were 
5.4 cm diameter and 5.0 cm long. Calculations were performed 
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as described above for the forest floor samples. 
4.3 RESULTS 
Forest Floor Samples 
The mean saturated hydraulic conductivity of the 20 forest 
floor samples (150 C) was 0.14 ! 0.03 cm/s (Table 11). The high 
standard error reflects the wide variability in physical compostion 
of different samples which was encountered. This variability 
between samples was of a similar na.ture to that described in 
Chapter 2 of this thesis. Mean conductivities of the 10 upper 
slope and 10 lower slope samples, which comprised the original 
sample, were 0.15 ! 0.02 cm/s and 0.13 ! 0.03 cm/s respectively. A 
Student's t-test indicated that these values were not significantly 
different, at the 1% level. Typical conductivity VB time graphs 
(Figure 11) show that, after several hours, the conductivity 
reached a steady state value (mean 0.02 cm/s) almost an order of 
magnitude below the initial value. 
Linear regression of bulk density and % root content against 
saturated hydraulic conductivity was attempted for the forest 
floor samples, but agreement was poor t yielding correlation co-
efficients of only 0.40 and 0.76 respectively. Hydraulic con-
ductivity increased with increasing root content of the samples, 
indicating that it is the most fibrous humus profiles which have 
the greatest conductivities. However, it is evident that a 
number of other factors which were not considered (i.e., texture, 
degree of humus decomposition etc.) must also affect the hydraulic 
conductivity. 
Mineral Soil Samples 
The mean initial saturated hydraulic conductivity of the 
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TABLE 11: Saturated hydraulic conductivities of humus samples 
Sample Slope position Bulk % )6 K15 Sat K15 s.s. 
density roots humus (cm/s) (cm/s) 
g/em3 
1 Upper slope 0.17 11 78 0.091 0.017 
2 
" " 
0.14 15 76 0.142 0.023 
3 
" " 
0.16 17 76 0.151 0.026 
4 
" " 
0.14 8 78 0.104 0.017 
5 " " 0.14 9 71 0 0 099 0.016 
6 
" " 
0.15 7 71 0.194 0.018 
7 " " 0 0 14 10 78 0.352 0.036 
8 n 
" 
0.15 9 77 0.028 0.020 
9 
" " 
0.13 9 73 0.134 0.019 
10 
" " 
0.14 13 79 0.154 0.017 
11 Lower 
" 
0.15 11 73 0.022 0.015 
12 
" " 
0.23 17 78 0.086 0.025 
13 n 
" 
0.26 10 83 0.064 0.020 
14 .. 
" 
0.14 18 73 0.388 0.048 
15 
" " 
0.27 8 87 0.116 0.011 
16 
" " 
0.56 3 46 0.047 0.004 
17 II 
" 
0.17 6 84 0.049 0.005 
18 
" " 
0.18 14 83 0.176 0.017 
19 
" " 
0.18 17 79 0.296 0.036 
20 II 
" 
0.14 8 78 0.099 0.011 
Mean 0.19 11 76 0.140 0.020 
S.E. 0.02 1 2 0.023 0.002 
20 mineral soil samples (1fC) was 0.007 : 0.001 em/s, more than 
an order of magnitude less than the forest floor conductivity 
(Table 12). The difference between the two conductivities was 
significant at the 1% level (Student's t-test). 
4.4 DISCUSSION 
The mean saturated hydraulic conductivity of the forest floor 
samples from Tawhai State Forest (0.14 : 0.03 em/s) is extremely 
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TABLE 12: saturated hydraulic conductivities of mineral samples 
Sample Bulk de~si ty Initial saturated 
(g/cm ) Hydraulic conductivity 
(cm/s) x 10-3 
1 0.920 1.06 
2 0.776 0.29 
3 0.530 16.20 
4 0.612 5.96 
5 0.934 3.03 
6 0.988 1.15 
7 0.644 15.49 
8 0.875 6.50 
9 0.780 11.53 
10 0.675 5.96 
11 0.762 14.50 
12 1.092 12.35 
13 1.188 0.69 
14 0.984 1.93 
15 0.774 0.15 
16 0.807 14.52 
17 0.689 9.75 
18 0.739 8.67 
19 0.626 17.10 
20 0.644 0.22 
Mean 0.802 7.35 
S.E. 0.04 1.4 
high. However, even greater saturated conductivities have been 
recorded in forest floors elsewhere. Trimble, Hale and Potter 
(1951) measured rates of 1.66 cm/s and 0.93 cm/s on mor and mull 
forest soils in the Allegheny watershed, New York. In comparison, 
mull soils under grazed stands had a mean percolation rate of only 
0.02 cm/s, and under row crops 0.006-0.01 cm/s. Barr (1977) 
recorded hydraulic conductivities of 0.97 cm/s (10 cm depth) and 
1.14 cm/s (30 em depth) under Western Hemlock/Douglas fir forest 
in Oregon. Plamondon et al. (1972) measured -maximum saturated 
hydraulic conductivity rates of 0.01 cw/s under similar forest 
types in British Columbia. Rates of 0.004 cm/s were measured 
in the organic layer of this same soil independently by 
Chamberlin (1972), but in the saturated state, total profile 
conductivities of up to 0.56 cm/s were recorded. 
Saturated hydraulic conductivities of a number of New 
Zealand subsoils were measured by Gradwell (1974) who obtained 
8 -6 values ranging from (0.5-5 .1) x 10 cm/s for silt loams; 
(1.4 - 21.9) x 10-6 cm/s for clay loams and (5.6 - 100) x 10-6 
cm/s for sandy loams, all under pasture. The mean saturated 
hydraulic conductivity for the mineral portion of the forest soils 
in the Maimai experiment catchments (0.007 coo/sec) was several 
orders of magnitude greater than the conductivities of these 
pasture soils. 
The principal factor contributing to the decrease in 
hydraulic conductivity of the forest floor samples with time 
appeared to be the entrapment of air within the sample as the 
experiment proceeded. Lambe (1951) and Christiansen (1944) 
have discussed similar problems. Childs and Collis-George (1950) 
showed that the use of de-aired water reduced the amount of 
entrapped air, but that the initial (or Izero-time') conductivity 
provided a sufficiently accurate estimate of the saturated 
hydraulic conductivity. Because of the practical problems 
involved in supplying sufficient quantities of de-aired water 
to measure the saturated condictivity of humus samples, the initial 
conductivity, once equilibrum had been established,was therefore 
taken as the saturated hydraulic conductivity. 
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structural deterioration, caused by the percolation of 
such large quantities of water for long periods of time, could 
also have contributed to the observed decrease i n hydraulic 
conductivity. Fine textured material, dislodged by the per-
colating water, and accumulating at the base of the sample as 
the experiment proceeded could have reduced the measured 
permeability. 
Interpretation of hydraulic conductivity measurements 
made on laboratory samples in terms of the behaviour of the 
soil under field conditions must be attempted with caution. 
Many observers (e.g., Klute 1965) consider that, because of the 
large errors involved in hydraulic conductivity measurements, 
results are accurate only to within an order of magnitude. 
Structural disturbances caused during the sampling procedure, 
leakage around the edges of the permeameter cylinder and 
expansion of the humus on wetting are the principal sources 
of these errors. 
In this experiment, serious leaks between the sample 
and the permeameter cylinder were detected using fluoroscene 
dye. The dye was introduced to the water above the sample, 
and its progress observed through the perspex cylinder. The 
sample was rejected if serious l e aks were detected which 
could not be cured without disturbing the sample. 
CHAPTER 5. 
INFILTRATION 
5.1 INTRODUCTION 
Infiltration has been defined (Kittredge 1948) as 'the 
process by which liquid water enters the surface soil or zone 
of aeration'. The maximum rate at which rainfall can be 
absorbed by the soil in a given condition is important in 
determining the distribution of precipitation falling on a 
catchment. Infiltrated water passing through the root zone 
may ultimately reach the water table and contribute to the 
delayed stormflow. However, where the infiltration rate is less 
than the precipitation intensity, overland flow will occur. The 
distribution of rainfall into overland and subsurface flow will 
influence the timing and magnitude of the stormflow peaks. 
Factors which affect Infiltration 
The infiltration rate of a soil is controlled by several 
factors, many of which are influenced by a forest vegetation 
(Kittredge 1948, Lull 1964). These include particle size distrib-
ution, organic matter content, type and degree of development of 
structure etc. Forest soils are also characterised by a high 
macroporosity (38% by sample volume, page 30) due to the presence 
of old root channels, burrows or tunnels made by worms and insects, 
structural pores or cracks caused by contraction on drying or 
freeze-thaw processes. These macropores may allow large quantities 
of water to pass rapidly through the forest floor, without 
appreciably wetting the soil mass (Aubertin 1971, Whipkey 1965, 
1967, Gaiser 1952). A surface vegetation cover, or litter layer 
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will retard surface flow, allowing the water additional time 
in which to enter the soil. The thick, spongy forest floor 
layer also tends to protect the underlying mineral soil from 
rainsplash and compaction by trampling or heavy machinery, which 
would otherwise reduce the permeability of the surface layer, 
(Johnson 1952, Blow 1955). Tsukamoto (1975) observed a 78% 
increase in direct runoff from a watershed where forest litter 
was entirely removed for a 3 year period. 
It is commonly observed that the infiltration rate 
measured on an initially dry soil decreases rapidly with time 
during the early stages of rainfall. Increasing soil moisture 
content may be accompanied by structural changes (e.g., swelling) 
which tend to reduce the available pore space and thus reduce 
the infiltration capacity. Molchanov (1963) observed that this 
effect was most pronounced in clayey or loamy soils. The deep, 
fibrous forest floor layer in Tawhai state Forest similarly 
undergoes considerable expansion with increasing moisture content. 
In mineral soils, the decrease in infiltration with time has been 
attributed to the filling of available pore spaces, which reduces 
the capacity of the soil to absorb further infiltrating water 
(especially in the presence of a shallow, impervious subsoil 
layer) and the decrease in capillary attra~on forces with 
increasing water content (Watson 1965, Reinhart and Taylor 1954). 
The relative importance of macropores and capillaries in conducting 
water through forest soils, under different antecedent moisture 
conditions is not yet clear (DeVries and Chow 1973, Beasley 1976). 
The hydraulic conductivity of the soil matrix is often insufficient 
to explain the high subsurface flow rates recorded. 
The condition of the infiltrating water may also have a 
significant effect on infiltration rate. The viscosity of water 
decreases with increasing temperature, causing the infiltration 
rate to increase. Water quality also affects infiltration; fine 
particles carried in suspension muy cJ.og soil pores and reduce 
the infiltration rate (Lowdermilk 1930). Contamination by salts 
will also reduce the viscosity of water (Musgrave and Holtan 1964). 
The presence of entrapped air in the subsurface layers is another 
factor which could account for the rapid decrease in infiltration 
rate. 
5.2 METHODS 
Infiltration rates were measured at 12 sites on .the sideslopes 
of experimental catchment 7 using a double ring infiltrometer. The 
infiltrometer (Figure 12) consisted of two concentric open-ended 
cylinders 23 cm and 36 cm in diameter respectively. Each cylinder 
was made from i inch thick steel plate, and sharpened at the lower, 
outside edge. The inner ring was fitted with a one inch diameter 
metal outflow pipe ten centimetres above the lower edge of the 
infiltrometer. This outflow pipe passed through a loosely fitting 
hole in the outer ring, and was connected to a long, flexible hose. 
The infiltrometer rings were driven simultaneously into 
the forest floor, taking care to avoid disturbing the soil structure, 
to a depth just sufficient to prevent leakage around the lower edges 
(approximately 5-8 cm). The soil surface within the inner ring 
represented the portion of forest floor profile sampled by the 
infiltration test; the outer ring delineated a buffer zone. 
Vertical percolation of water in the buffer zone reduced any 
lateral flow of water from beneath the inner ring (Ahuja et ale 1975). 
A fine gauze was placed over the soil surface within the inner ring 
to prevent disturbance of the forest floor during infiltration, and 
a constant, known inflow, well in excess of the infiltration rate 
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FIG 12: DOUBLE RING INFILTROMETER 
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was applied separately to each ring. The outflow pipes maintained 
similar (i.e. 2-5 cm) heads of water in each ring throughout the 
experiment. 
The large quantities of water required for each test were 
pumped a distance of between 100 to 200 m upslope to each test 
site from the nearest stream using a 'Wajax' pump. This pump 
could be operated continuously, where necessary, to maintain 
constant levels in two 44 gallon storage drums. The drums function-
ed as independent constant head supply tanks for the two infiltro-
meter rings. Inflow rate to the inner ring was measured before 
and after each test using a measuring cylinder and a stopwatch. 
The outflow rate from the inner ring was measured at 
one minute intervals during each test by observing the water levels 
in a previously calibrated 11 0 sharpcrested v-notch wierbox. 
This system of measurement was devised to allow continuous infil-
tration-time curves to be obtained at each site, instead of an 
instantaneous infiltration rate value which is usually measured 
with the conventional flooding infiltrometer. Timing of the 
experiment was begun at the instant when the constant, known 
inflow was applied to the rings, and continued until a steady 
infiltration rate was measured. Each site was tested twice, 
allowing approximately 20 minutes for drainage between each test. 
A photograph of the infiltrometer and recording equipment is 
shown in Figure 13. 
5.3 RESULTS 
Some typical infiltration curves are shown in Figure 14. 
Maximum initial rates of up to 0.5 cmls were recorded and the 
F 
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mean initial rate for the 20 tests was 0.27 ~ 0.03 cm/s. 
Initial rates fell rapidly during the first 2-3 minutes after 
commencement of each test and after only 5 minutes had approach-
ed a steady state value. Steady state infiltration r~tes were 
mostly within the range 0.1 - 0.4 cm/s, with a mean steady state 
rate of 0.17 ~ 0.03 cm/s (Table 13). 
Mean maximum infiltration rates for first and second 
tests on each site were 0.33 : 0.03 cm/s and 0.22 ~ 0.03 cm/s 
respectively. Mean steady state infiltration rates for first 
and second tests were 0.22 ~ 0.03 cm/s and 0.13 ~ 0.03 cm/s res-
pectively. Both these differences were significant at the 1% 
level (Student's t-test). 
The similarity between steady state (saturated) 
infiltration rates (0.17 cm/s) and saturated hydraulic 
conductivity values (0.14 cm/s) presumably indicates that the 
infiltration process is closely controlled by the saturated 
conduc tivity after the testsbave run for a few minutes. 
5.4 DISCUSSION 
Infiltration tests which utilize flooding infiltrometers 
suffer from several disadvantages. The natural action of 
raindrops is not reproduced, and the combined effects of a 
constant head ponded on the surface, inefficient sealing around 
the sides of the cylinder, and lateral flow beneath the cylinders 
may tend to produce excessively high estimates of the infiltration 
rate (Arend 1967). Philip (1954) showed that initial 
infiltration rates may be increased by up to ~~ for each 
centimetre of water depth. There is always the risk that the 
installation procedure may disturb the delicate root structure 
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TABLE 13: Initial and final infiltration rates measured in 
Maimai Experimental Catchment 7. 
Site Test Initial Infiltration Final Infiltration 
Rate (cm/s) Rate (cm/s) 
1 1 0.22 0.26 
1 2 0.22 0.19 
2 1 0.41 0.38 
2 2 0.23 0.18 
3 1 0.29 0.05 
3 2 0.05 0.03 
4 1 0.26 0.07 
4 2 0.16 0.03 
5 1 0.25 0.17 
5 2 0.18 0.14 
6 1 0.21 0.02 
6 2 0.10 0.01 
7 1 0.39 0.25 
7 2 0.27 0.11 
8 1 0.38 0.19 
8 2 0.23 0.13 
9 1 0.28 0.18 
9 2 0.27 0.14 
10 1 0.50 0.46 
10 2 0.46 0.40 
11 1 0.29 0.16 
11 2 0.16 0.08 
12 1 0.38 0.28 
12 2 0.34 0.21 
Mean 0.27 0.17 
S.E. 0.03 0.03 
within the loosely compacted humus layers. However, the 
effects of disturbance are probably not as severe as the 
disturbance effects during conductivity tests where the entire 
sample is removed from its field situation. 
The marked physical variability of the forest floor 
means that considerable replication is required to ensure 
adequate representation of the area studied. In this respect, 
the flooding infiltrometer has an advantage over other types 
of infiltrometers, since it is a relatively portable apparatus 
requiring a small s &~pling area. However, its successful 
operation is restrict~d to level sites. 
Results of infiltrometer tests are thus often considered 
qualitative until substantiated by independent data. However, 
it is interesting to compare results from Tawhai state Forest 
with those from other forest types. The range of forest floor 
types, and hence infiltration rates recorded under forest 
vegetation is extremely large. Forest floor infiltration 
rates are almost always higher than those of mine ral soils, 
although many recorded rates are lower than those measured in 
Tawhai state Forest. For example, Arend (1941) measured 
infiltration rates of 0.017 cm/s under oak forest in the Azarks; 
Johnson (1940) measured 0.011 cm/s under Appalachian hardwoods; 
and Murai et ale (1975) recorded rates of 0.028 - 0.042 cm/s 
under needle-leaved and broad-leaved tree species in Japan. 
On the other hand, steady state infiltration rates of 0.35 - 0.71 
cm/s, with maximum rates of up to 1.34 cm/s were measured by 
Winkler and Willington (1975) under Western Hemlock/Western Red 
Cedar forest in British Columbia; while Reinhart (1964) measured 
rates of 0.35-1.84 cm/s on undisturbed sites under Appalachian 
hardwoods in West Vir ginia. 
The large variability in infiltration rates between sites 
is caused by the physical variability of the forest floor between 
the different sites, as described in Chapter 2. The effect of 
the permeability of the underlying mineral horizon on the 
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infiltration rate will vary, becoming more important as the 
infiltration time is prolonged, or as the depth to the mineral 
soil layer decreases. 
Non-capillary flow through large macropores probably 
accounts for the high infiltration rates measured in the forest 
floor. Aubertin (1971) measured an outflow volume of 1,127 ml~llrure 
(18.8 cm/s) from a root channel ~ inch (0.64 em) in diameter 
terminating at an exposed profile face under artificial rainfall 
of intensity 1 in/hr. 
Beasley (1976) has observed that water can move through 
macro channels provided they are open to the atmosphere and a 
positive head of water exists at the channel openings. Saturated 
surface conditions were present throughout the constant head 
infiltration test, and are sometimes found under natural conditions 
in depressions or old tree-throw zones, but are rarely seen on 
forested hillslopes. However, positive matrix potentials have 
been measured within forest humus (De Vries and Chow 1973) and 
attributed to the presence of localised saturated zones, or 
entrapped air within the soil matrix. 
Reasons for the rapid decrease in infiltration rate with 
time are harder to explain. structural expansion and/or the 
presence of entrapped air are the most likely causes. De Vries 
and Chow (1973) showed that macropores in the forest soils of 
the Seymour Watershed, British Columbia, contributed most to 
downward flow under initial nonsteady-state conditions. However, 
the relative contribution of the macropores decreased as the soil 
matrix became wetter and its hydraulic conductivity increased. 
A similar process could explain the decrease in infiltration 
rate observed in the Maimai experimental catchments. 
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Insufficient time lag between successive tests on the 
same site, to allow excess water to drain away, is the most 
likely cause of the significant differences in both maximum 
and steady state infiltration rates between tests at the same 
site. Laboratory drainage tests indicated that 10 minutes 
was sufficient to allow the soil to reach saturation capacity, 
but that an interval of 100 minutes would be required to allow 
the profile to reach field capacity. In fact, because of 
practical time limits, approximately 20 minutes was allowed 
between tests. 
59. 
CHAPTER 6. 
DISCUSSION 
THE ROLE OF THE FOREST FLOOR IN CATCHMENT HYDROLOGY 
The physical and hydrological properties of the forest 
floor which have been investigated in this study form only an 
initial step towards explanation and prediction of the 
hydrologic behaviour of small, steep, forested catchments. 
6.1 WATER STORAGE CHARACTERISTICS OF THE EXPERIMENTAL CATCHMENTS 
The forest humus in the Maimai experimental catchments 
has an open, fibrous structure of high porosity and low bulk 
density which is capable of retaining large quantities of water. 
Drainage tests have revealed that the field moisture contents 
of humus samples removed from the forest (45% by volume) were 
close to the saturation capacity (50% by volume), while the 
weighing basket experiment has shown that seasonal fluctuations 
in m9isture content are slight; generally not exceeding: 5% 
by volume. These results were also sUbstantiated by tensiometer 
measurements. 
If it is assumed that the forest floor in Tawhai State 
Forest averages 17 cm in depth and maintains a mean water content 
of 45% by volume, then the maximum depth of water which may be 
held by the forest floor is 77 mm. In experimental catchment 5, 
which has an area of 2.31 ha, this is equivalent to approximately 
1780 m3 or 1780 tonnes of water. At saturation, the total 
amount of water held would be 1960 tonnes. 
Water retention experiments have shown that much of the 
water above field capacity is held by large macropores which drain 
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readily at very low tensions. Any excess moisture added to the 
forest floor during storm periods should similarly drain quickly 
through the organic layers producing only small, temporary 
changes in water storage. In this respect, the humus layer 
can be pictured as behaving like a large sponge. 
Extraction of significant quantities of water from humus 
samples at higher tensions becomes increasingly more difficult. 
Possibly much of the water retained below field capacity is held 
between fibres or retained within the humus particles themselves. 
This explains why water is released only slowly from the litter 
basket samples in the field, below field capacity. It is also 
possible that the surface litter laye~ which becomes very dry in 
summer months helps to prevent further loss of moisture by 
evaporation. 
6.2 INFILTRATION AND PERMEABILITY CHARACTERISTICS OF THE 
EXPERIMENTAL CATCHMENTS 
The mean (steady state) infiltration rate of the forest 
floor (O.17cm/s) is high enough to absorb even the most intense 
rainfalls and explains why Horton overland flow is seldom 
observed on the steep, forested hillslopes. Stream hydro graph 
records for the period 23.11.74 - 1.2.77 indicate that response 
times of the six Maimai experimental catchments are extremely 
rapid; times to peak range from 4-14 hours depending on the 
intensity of the storm. Quickflow accounted for approximately 
57% of the total runoff during this period, but in large events 
comprised up to 74% of the total runoff (Pearce et ale 1976). 
In order to test whether subsurface flow processes, in 
the absence of significant quantities of Horton overland flOW, 
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are capable of generating the observed quickflow volumes at 
sufficient rates to explain the hydrograph peaks, twelve single 
peak storms of varying intensities from one catchment (catchment 
5) were analysed. The hydrograph separation technique used 
was that of Hewlett and Hibbert (1967). The slope of their 
separation line was converted into SI units (Figure 15). For 
each storm, the proportion of total quickflow yield in the 
rising limb of the hydro graph was calculated (in mm) directly 
from the storm hydrograph. This figure was compared with the 
estimated depth of quickflow which could be released by sub-
surface flow processes during the same period. The following 
assumptions were made: 
1. The water storage capacity of the soil is largely satisfied 
before subsurface flow occurs. This assumption is not strictly 
correct for the open-structured, fibrous forest humus in the 
Maimai experimental catchments, as some flow through large root 
channels will occur at water contents well below saturation. 
However, it permits a very conservative estimate of the capacity 
of the watershed to generate qUickflow. Gravimetric analysis of 
12 mineral soil samples (A-B horizons) showed that the water 
storage capacity (i.e., saturation capacity minus field capacity) 
was within the range 3-9% by volume (Appendix 2). The total 
storage capacity of the humus and mineral soil layers was assigned 
into 1 of 3 classes (0 mm, 15 mm, 25 mm, Table 14) depending on 
antecedent rainfall conditions. 
2. Subsurface flow velocities in the humus and mineral soil 
layers were assumed equal to their saturated hydraulic conductivity 
rates, at 15°C (0.14 and 0.007 cm/s respectively, Chapter 4). 
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3. Travel time over the entire length of the stream to 
the weir (223 m) at an estimated velocity of 0.5 mls was 
approximately 8 minutes. 
4. Rainfall data obtained from the lower Maimai raingauge 
situated outside the canopy, approximately 400 m from the 
catchment was representative of the rainfall which fell on 
the catchment during storms. 
5. Interception losses of 20% of the gross rainfall were 
allowed (Rowe 1976). 
For each storm, quickflow was estimated by first extract-
ing from the rainfall records the quantity and duration of rain-
fall required to satisfy soil water storage. The remaining 
quantity and duration of rainfall which fell before the peak, 
together with the saturated hydraulic conductivities of the 
soil, were then used to estimate the proportion of the catchment 
which could contribute to peak quickflow, and the depth of 
quickflow which could be provided. 
Results of these calculations (Table 14) indicate that 
subsurface flow at a velocity of 0.14 cm/s is capable of producing 
a sUbstantial proportion of the observed rising limb quickflow 
volumes in some storms. However, the ability of the estimate 
to explain observed quickflow volumes varies widely; values of the 
percent (estimated quickflow/actual quickflow) range from 4% to 92%. 
Examination of the figures in Table 14 shows that, in general, the 
ability of subsurface flow to supply adequate quickflow increases 
as the storm duration and time to peak of the storm increase. High 
antecedent moisture contents also increase the ability of the soil 
to supply adequate quickflow volumes via subsurface flow processes. 
This can be seen by comparison of the two consecutive peaks from 
TABLE 14: Comparison of actual quickflow (Q/f) generated during selected storms and estimated quickflow 
which could be supplied by subsurface flow, experimental catchment 5. 
storm Total Days since Soil moisture Time to Estimated Q/f generated Estimated 
rainfall last rain storage class peak duration of in rising limb Q/f (mm) 
(mm) 5mm (mm) (hrs) o/f generation of hydro graph 
(hrs) (mm) 
29.3.75- 1.4.75 86.6 3 15 8 5 17.1 5.9 
1.4.75- 4.4.75 192.5 0 0 9 9 56.5 30.0 
5.6.75- 8.6.75 142.B 9 25 20 12.5 37.1 25 . 8 
13.6.75-15.6.75 52.3 6 25 7 4 8.5 0.6 
14.7.75-18.7.75 142.9 4 25 9 3 7.8 0.3 
1.8.75- 2.8.75 62.4 1 0 5 5 2.6 1.7 
19.8.75-21.8.75 114.5 3 15 12 13 23.4 16.5 
. 
28.8.75-31.8.75 89.7 0 0 9 9 10.4 9.6 
20.9.75-22.9.75 54.7 4 25 4 2 3.6 0.3 
23.1.76 44.4 7 25 5 3 4.3 0.9 
25.5.76 39.3 5 25 6 2 3.1 0.2 
14.7.76-17.7.76 106.6 3 15 20 7 30.4 7.0 
2.2.77 36.4 1 0 6 6 4.2 3.0 
, 
% 
Estimated Q/f 
Actual Q/f 
35 
53 
70 
7 
4 
65 
71 
92 
8 
21 
6 
23 
71 
{j\ 
+-
the storm of 23.3.75 - 4.4.75 in rows 1 and 2 of Table 14. 
Failure of the estimate to account for observed quickflow 
volumes where the an te cedent soil moisture content is lowest, 
and where times to peak are very short, probably indicate that 
the most serious errors in the initial assumptions occur under 
these conditions. 
It must be emphasised that, under the conditions studied, 
these calculations only demonstrate the ability of subsurface 
flow processes to supply quickflow. No conclusions regarding 
the nature of the flow mechanism can be substantiated. The 
relative importance of saturated and unsaturated flow processes 
to the storm hydro graph peak remains unknown. 
Further experiments are required to confirm or reject the 
tentative figures presented above. In particular, the assumption 
that water in the forest floor moves at the saturated conductivity 
rate could result in serious overestimation of theoretical quickflow 
yields. Overseas evidence (Plamondon 1972, De Vries and Chow 1973) 
suggests that hydraulic conductivity decreases markedly as the 
water content decreases. Measurement of the unsaturated conduct-
ivity characteristics of the humus over a wide range of matric 
potentials, and tensiometric measurement of the changes in matric 
potential of the humus under varying field moisture conditions would 
shed more light on the nature of subsurface flow processes in forest 
humus. Such information would permit the relative importance of 
saturated flow and unsaturated ~ow through macropores to be assessed. 
Field measurements o f the relative quantities and rates of subsurface 
flow from the different soil horizons would increase the reliability 
with which subsurface flow processes may be used to explain and 
predict the storm hydrograph. 
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APPENDIX 1 
Saturated hydraulic conductivities of forest floor samples 
adjusted to 150 and 20oC. 
Saturated Steady state 
conductivities conductivities 
Sample Temperature (cm/s) Ccm/s) 
COC) KT K15 K20 KST KSS15 KSS20 
1 15.3 0.092 0.091 0.102 0.017 0.017 0.019 
2 15.2 0.143 0.142 0.161 0.023 0.023 0.026 
3 15.8 0.154 0.151 0.171 0.026 0.026 0.029 
4 16.7 0.109 0.104 0.115 0.017 0.017 0.019 
5 13.5 0.095 0.099 0.102 0.016 0.016 0.018 
6 16.5 0.202 0.194 0.212 0.018 0.018 0.020 
7 16.2 0.363 0.352 0.399 0.037 0.036 0.041 
8 12.5 0.261 0.028 0.285 0.021 0.020 0.023 
9 15.8 0.136 0.134 0.152 0.019 0.019 0 0 021 
10 16.4 0.158 0.154 0.175 0.018 0.017 0.019 
11 18.8 0.025 0.022 0.026 0.016 0.015 0.017 
12 15.1 0.086 0.086 0.097 0.025 0.025 0.028 
13 18.0 0.069 0.064 0.072 0.020 0.020 0.023 
14 17.0 0.409 0.388 0.461 0.048 0.048 0.054 
15 15.0 0.116 0.116 0.128 0.011 0.011 0.012 
16 16.0 0.048 0.047 0.053 0.004 0.004 0.005 
17 16.7 0.052 0.049 0.057 0.005 0.005 0.006 
18 20.5 0.203 0.176 0.200 0.019 0.017 0.019 
19 16.5 0.308 0.296 0.336 0.037 0.036 0.041 
20 17.3 0.105 0.099 0.112 0.012 0.011 0.013 
Mean 16.2 0.157 0.140 0.171 0.020 0.020 0.023 
S.E. 0.4 0.024 0.023 0.026 0.002 0.002 0.003 
APPENDIX 2 
Water storage capacities of mineral soil samples, Maimai experimental catchments 
Sample Field Volume Oven dry Bulk Field weight Saturated Saturation 
weight ('g) (em3) wt (g) density (% by vol) weight capacity 
(g/ec) (% by vol) (% by vol) 
1 384.2 281 223.6 0.795 57.1 63.4 62.4 
2 421.4 280 270.1 0.964 54.0 58.5 57.4 
3 451.4 285 309.1 1.085 50.0 53.7 51.9 
4 401.9 273 249.9 0.915 55.7 60.8 57.9 
5 310.6 270 185.7 0.688 46.2 68.7 63.8 
6 433.1 284 277.8 0.978 54.7 58.2 57.4 
7 425.5 271 313.8 1.158 4102 51.0 50.3 
8 433.3 285 298.0 1.046 47.5 54.1 4905 
9 462.0 285 341.4 1.198 42.3 48.6 47.2 
10 303.5 276 182.9 0.663 43.7 67.1 59.1 
11 441.7 283 302.8 1.070 49.1 54.5 53.1 
12 416.4 273 304.4 1.115 41.0 52.2 50.4 
-..J 
-..J 
Mean 0.973 48.5 57.6 55.0 • 
S.D. 0.177 5.8 6.4 5.4 
S. K 0.05 1.7 1.8 1.6 
